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NOTATION
Dimensions

1
- f l ,

AE Expanded area of propeller blades ft2, m2

A = EAR (A )E o
I A Disc area of propeller ft2, m2

2

I . A0
m!~ .

A~ Projected area of propel ler blades ft2, m2

A~ = AE (1.067-0.229 P/D)

C Blade section length ft, m

C07 
Blade section at 0.7 radius ft, m

D Propeller d iameter ft. m

EAR Expanded area ratio AE/Ao

g Acceleration due to gravity ft/sec2, rn/sec2

h Propeller submergence ft , m

J Advance coefficient J = V/nD

Thrust coeff ic ient KT = 4pnD

K~1’J
2 Loading coeff icient

K~ Torque coefficient K~ =

‘4 “ pnD

K /J3 Powering coefficient

E
Q

n Propeller rotation speed rev/sec. r/s

P Propeller pitch ft, m

PlO Pitch-diameter ratio

Atmospheric pressure lb/ft2. N/rn2 —

~H 
Static water pressure, 

~H 
pgh lb/ft2, N/rn2

Vapor pressure lb/ft2, N/rn2

T Propeller thrust lb. N

v
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Dimensions

Q Propeller torque lb/ft. N r n

Q Torque load coefficient, t
C 2.55 K~

2 
‘4

C (J + 4.84)(EAR)(1.067 - 0.229 P/D)

v Veloc ity of boat ft/sec. rn/sec

v0 ~ 
Resultant velocity of water at 0.7
radius of propeller ft/sec, rn/sec

2 _ J2 + 4.83 2
V
0.7 

- 

~
2

Propeller open water efficiency,

J

p Mass density of water lb-sec2/ft4, Kg/rn
3

a Cavitation number ,

S

½ p v

a0 ~ 
Local cavitation number,.

2¼ pv0 ~
Thrust load coefficient,

T

½ ~A~v0 7
2
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ABSTRACT

Two 22 Inch Newton Rader type full scale propellers were
manufactured and tested for use duri ng full scale trials on the 11 meter

r “Sea Fox”. Open water tests were conducted and cavitating performance
characteristics were obtained for these propellers over a range of
cavitation numbers corresponding to ful l scale speeds from 9 to 45 knots.
The propeller performance data and a table containing the principal
propeller geometry information is presented In this report.

ADMINISTRATIVE INFORMATION

This work was performed for the Naval Ship Engineering Center.
Norfolk Division under Task Area S0414-SWOO1 and Project Element 63586N.

- INTRODUCTION

The Naval Ship Engineeri ng Center Norfolk Division (NAVSECNORDIV)

requested that the David Taylor Naval Ship R&D Center (DTNSRDC) procure

and characterize a pair of propellers for use duri ng ful l scale trials of

the “Sea Fox ”. This pair of propellers was manufactured for DTNSRDC as

per NAVSEA drawing No. Seafox 101-5033153 by Michigan Wheel Co. The

principal dimensions of these oropellers are given In Table 1.

Open water characteristics were obtained on both right and left hand

propellers . Cavitating performance characteristi cs were obtained on the

right hand propeller only since open water test results Indi cated that the

performance of the two propellers is essentially identical. Upon

completion of the test program this pair of propellers was shipped to the

boat construction site as per NAVSECNORDIV request.
S

F
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EXPERIMENTAL PROCEDURE AND FACILITIES

Open water characteristics of the propellers were obtained in the

deep water basin using the 35 HP dynamometer. Both propellers were

characterized in open water over a range of speed coefficients (3) from

zero velocity to zero thrust. The Reynolds number for the open-water

tests ranged from 2.5 x io6 to 3.1 X io6.
Cavitation characteristics of the propellers were obtained in the

36” Variable Pressure Water Tunnel in uniform flow. Two water velocities ,

25 fps and 30 fps were used to provide a range of cavitation numbers from

9.43 to 0.40. The cavitation numbers represent a range of ful l scale

speeds from 9.4 to 45 knots. Reynolds number for the cavitation

experiments ranged from 4.0 X 106 to 7.4 X 106.

PRESENTATION OF DATA AND DISCUSSION

The open water characteristics data of the propellers were reduced

to the usual nonaimensional coefficients of thrust and torque. The open

water characteristics for both propellers are presented in Figure 1. The

closeness of the coefficients for the left hand and right hand propellers

indicate that they are very closely matched in both pitch and blade

outline.

Cavitating performance characteristics were obtained for the right

hand propeller for cavitation numbers ranging from 9.4 to 0.4. These data

I

2 
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were red uced to the usual nondimensional coefficients of torque , thrust ,

and efficiency . In addition to the normal coefficients the nondimensional

coefficients of 1(1/3
2, KQ/J

3
. 
~c’ 

a07 and T were cal culated. Curves

showi ng KT. K0 and ~ for constant val ues of a are shown plotted against 3
in Figure 2. 

‘
Tabulated values of j , ~~~., c~, ~ ~~~~ ic~ij

3, 
~~~~ 

a0 7  and

t for all test conditions are provided in Table 2. Representative

cavitation patterns for thrust loading coefficient 
~~~~~ 

of 0.10 and
0.15 are shown -In Fi gure 3.

3
I
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Figure 1 - Open Water Propeller Characteristics
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TABLE 1 - PROPELLER GEOMETRY

No. of Blades 3

— Diameter 22 in (558 nm )

- Pitch 34 in (863 m)

Pi tch Rat io 1.545

Developed Area Ratio 0.719

Hub to Diameter Ratio 0.18 j - .
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fY) These corrections should be made to DTP4SRDC report SPD-806-Ol,
“Performance, Characteristics of a Pair of Propellers for the SEA FOX,”
by James G. Peck, December 1977.

Add to Table 1 , page 7:

Expanded Area Ratio 0.82

Replace TAUC columns in Table 2, page 8 with these values:

Sigma = 9.430 SIgma = 2.0 Sigma = 1.5

J TAUC J TAUC TAUC

.9000 .3315 .9000 .3058 .9000 .2588

.950o .3040 .9500 .2943 .9500
1.0000 .2784 1.0000 .2784 ‘.0000
1.0500 .7546 1.0500 .2594 1.0500 .‘530
1.1000 .2323 1.1000 .2387 1.1000 .2368
1.1500 .2115 1.1500 .2174 1.1500 .2174
1.2000 .1919 1.2000 .1962 1.2000 .1966
1.2500 .1734 1.2500 .3757 1.2500 .1756
1.3000 .1558 1.3000 .1564 1.3000 .1554
1.3500 .1391 1.3500 .1385 1.3500 .1367
1.4000 .1231 1.4000 .1221 1.4000 .1198
1.4500 .1077 1.4500 .1070 1.4500 .1047
1.5000 .0928 1.5000 .0931 1.5000 .0912
1.5500 .0783 1.5500 .0800 1.5500 .07871.6000 .0641 1.6000 •0673 3.6000 .0667
1.6500 .0503 1.6500 .0543 1.6500 .0543
1.700n .0366 1.7000 .0406 1.7000 .0404
1.7500 .0231 1.7500 .0254 1.7500 .0239
1.8000 .0097 1.8000 .0080 1.8000 .0037



rr
ERRATA SHEET (Cont.)

Si gma 1.0 Sigma — .75 SIgma = .50

J i*uc J TAUC TAUC

.9000 .1980 .9000 .1657 1.0000 .1326

.9500 .2332 .9500 .1709 1.0500 .1323
1.0000 .?lqc 1.0000 .1784 1.1000 .1348
1.0500 .7188 1.0500 .1849 1.1500 .1378
1.1000 .2128 1.1000 .1882 1.2000 .1 399
1.1500 .7027 1.1500 ~~~~ 1.2500 .1398
1.2000 .1897 1.2000 .1818 1.3000 .1367

~.250o .1748 1.2500 .1721 1.3500 .1303
1.3000 .1587 3.3000 .15R9 1.4000 .1202
1.3500 .1422 1.3500 .1431 1.4500 .1068
1.4000 .1256 1.4000 .1258 1.5000 .0904
1.4500 .1092 1.4500 .1080 1.5500 .0717
1.5000 .0932 1.5000 .0904 1.6000 .0516
1.5500 .0775 1.5500 .0736 1.6500 .0310
1.6000 .0622 1.6000 •0~ 78 

i.700~ .0113
1.6500 .0470 1.6500 .0426
1.7000 .0317 1.7000 .0273
~.750o .0159 1.750 0 .0105
1.8000 — .0009 1.8000 — .0098

Sigma = .40

T A U C

1.osoo .115 3
3.1000 .1159
1.1500 .117~
1.2000 .1197
1.2500 .1199
1.3000 .1177
1.3500 .1124
1.4000 .1037
1.4500 .09 15
i.soon .0761
1.5500 .0580
1.6000 .0376
1.6500 .0159
1.7000 — .0062

I
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